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Objective: To investigate whether translocation of intestinal Enterobacteriaceae was a likely source of bacteremia in 
children of 2 years or less hospitalized for fever and moderate malnutrition. 
Methods: Blood and fecal cultures were obtained from 198 such children admitted in  the Princess Basrna Hospital 
(Irbid, Jordan). Enterobacteriaceae isolated from blood cultures were compared with those present in  fecal cultures by 
genomic typing using pulsed-field gel electrophoresis. The characteristics of children whose blood and fecal strain typing 
patterns were not distinguishable, i.e. with documented translocation, were compared to those of children without 
documented translocation. 
Results: Bacterial translocation was documented in 12 of 19 children (63%) with Enterobacteriaceae bacterernia for 
whom paired blood and fecal strains were available for genomic typing, and was thus the major source of these 
bacteremias. The clinical or biological signs of malnutrition were not significantly more pronounced in the bacteremic 
children with documented translocation than in those without. 
Conclusions: We demonstrated that bacterial translocation from the intestinal tract was the most common source of 
Gram-negative bacteremia in  the population studied. 
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INTRODUCTION 
Uacterial translocation is the passage of indigenous 
intestinal bacteria through the intestinal mucosa to 
other organs 111. In humans, it has only been proposed 
as the mechanism of bacteremia in two clinical 
situations: neutropenia in cancer patients 121, and 
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hemorrhagic shock [3J. Translocation liniited to the 
niesenteric lymph nodes has also been described in 
patients with Crohn's disease [4], colorectal cancer [S] 
or bowel obstruction 161 and premature children and 
newborns [7].  
In hospitalized children with severe protein rnal- 
nutrition, bactereniia ha?  been associated with an  
overall mortality as high as 20% [8J. In these children 
the infections differ from those observed in normally 
nourished children because they are predominantly 
caused by facultative anaerobic Grain-negative bacteria 
1'91 belonging to species which are indigenous to the 
intestinal tract. This suggests that the translocation of 
such bacteria may be the major source of this type of 
bacteremia. An association between malnutrition and 
infectious disease was indeed observed long ago [I 0,111 
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and is believed to result from the disturbances in the 
normal immune mechanism which are present in md- 
nourished patients [12] and are known to promote 
bacterial translocation [l]. Also, experimental mal- 
nutrition has been shown to increase this translocation 
in mice with mucosal degradation induced by a single 
intraperitoneal injection of endotoxin [ 131. So far, 
however, the occurrence of bacterial translocation in 
patients with moderate malnutrition has not been 
documented. In this report we provide evidence that in 
wch children hospitalized with fever it is a major 
mechanism inducing bacteremia caused by members of 
the family Enterobacteriaceae. 
MATERIALS AND METHODS 
This study was performed between 3 April 1990 and 
3 September 1993 on patients admitted to the pediatric 
ward of the Princess Basma Hospital at  Irbid in Jordan. 
The procedures followed conformed to the ethical 
standards of the Committee on Human Experiment- 
Ation in this institution. 
All admitted children aged 2 years or less and 
presenting with a rectal temperature exceeding 38.5 OC 
were considered for inclusion. Size, weight and cranial 
and brachial perimeters were recorded, and all children 
with a weight/age ratio at least one standard deviation 
lower than the 50th percentile were included. A blood 
sample was drawn at admission for leukocyte counts 
and a serum sample was frozen at -80°C for further 
serum protein assays using a nephelometer analyzer 
(Behring, Rueil-Malmaison, France). Two blood 
samples, a fecal sample and a urine sample were also 
obtained for bacteriologic culture within the first hours 
of hospitalization and before any antimicrobial therapy 
was initiated. The urine samples were processed using 
a commercially available device to obtain quantitative 
cultures (DGU, Diagnostics Pasteur, Marnes-la- 
Coquette, France) and the results were interpreted as 
recommended by the manufacturer. Only samples with 
more than lo5 CFU/mL were considered positive and 
led to fhrther identification of the strain isolated. From 
each blood sample 10-mL amounts were inoculated 
into 1 00-mL flasks containing brain-heart infusion 
broth for aerobic growth, and Schaedler broth under an 
anaerobic atmosphere for anaerobic growth (BioMCrieux, 
Charbonnitres-les-Bains, France). Incubation was for 2 
weeks at 37OC. Bottles were checked daily for turbidity 
and on day 14 were subcultured on blood agar 
aerobically and anaerobically (Anaerocult A System; 
Merck, Darmstadt, Germany). All strains isolated from 
the blood cultures were further identified using the API 
System (API, La Balme-les-Grottes, France) according 
to the manufacturer’s recommendations. 
The freshly passed fecal sample obtained at 
admission was kept at  4°C until harvesting (within 
24 h). An aliquot was weighed, and serially diluted 10- 
fold in saline from lou2 to and 0.1-mL aliquots 
of the appropriate dilutions were plated on Drigalski 
agar (Pasteur Production, Paris, France). Incubation 
was for 48 h at 37°C. Bacterial counts were recorded 
and expressed as common logarithms 1141. After 
counting, plates were kept at 4°C. If the blood cultures 
from the corresponding child were negative, the fecal 
culture was discarded together with the blood cultures. 
Conversely, if a member of the family Entero- 
bacteriaceae was isolated from the blood culture drawn 
from the corresponding child, then all the morpho- 
logically distinct colonies detectable by gross examin- 
ation from the fecal cultures were further identified 
using the API System. 
When members of the family Enterobacteriaceae 
were isolated from both the blood and feces, and were 
of the same species, they were further typed by pulsed- 
field gel-electrophoresis (PFGE) of DNA macro- 
restriction fragments after restriction with XbaI 
endonuclease, as described previously [ 151. PFGE 
patterns were interpreted according to the criteria 
published elsewhere [ 161. We considered that trans- 
location from the gastrointestinal tract to the circu- 
latory system was documented in a given child when 
members of the family Enterobacteriaceae from both 
feces and peripheral blood were of the same species and 
exhibited identical or closely related PFGE patterns. 
All data were entered in a computerized database 
using EpiInfo, Version 5 [ 171 for statistical analysis. 
Frequency data were analyzed using Fisher’s exact test. 
The Wilcoxon rank test was used for continuous 
variables. Anthropometric indices related to the height 
and weight for age and the weight for height were 
expressed in terms of Z-scores, which are the standard 
deviations from the reference population medians. 
These indices were calculated and compared to the 
international growth reference using the nutritional 
anthropometric program included in EpiInfo. 
RESULTS 
One hundred and ninety-eight children were included 
in the study. Their characteristics are given in Table 1. 
In 22 children (11%) the blood cultures drawn at 
inclusion were positive for a member of the family 
Enterobacteriaceae (Kkbsiella pneumoniae, nine; Enfero- 
bacter sp., six; Escherichia coli, four; Klebsiella oxytoca, two; 
Citrobacterfreundii, one). In two of these children, a fecal 
sample had not been obtained concomitantly with the 
blood sample, and in one the fecal isolates died upon 
storage. The fecal specimens from all the other 19 were 
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Table 1 
the study 
Characteristics Values 
Age (month, mean ? SD) 
Sex (“XI male) 44.2 
Symptoms at admission (%) 
Pneumonia 23.6 
Diarrhea 81.2 
Edema 8.4 
Height-for-age Z-score (meankSD) -2.262 1.57 
Weight-for-age Z-score (mean?SD) -2.89+1.25 
Weight-for-height Z-score (mean*SD) - 1.62? 1.1 1 
Characteristics of the 198 children included in 
12.0 ? 15.4 
Nutritional status 
Brachial/cranial perimeters (mean? SD) 0.25+.0.03 
positive for members of the family Enterobacteriaceae. 
Therefore, the occurrence of documented versus un- 
documented translocation was evaluated in 19 children 
with bacteremia caused by members of the family 
Enterobacteriaceae. 
In six of these 19 children no member of the family 
Enterobacteriaceae of the same species as the one 
isolated from the blood was isolated from the feces. 
Thus translocation was not documented in these 
children. In 13 children (68%) a strain of the same 
species as that isolated from the blood was present in 
the feces. In 12 of these 13 children (92%), the two 
patterns obtained for the feces-blood pairs of isolates 
were closely related (Figure 1, patient 65) or identical 
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Figure 1 
genomic DNA extracted from pairs of enterobacteria 
isolated simultaneously from the feces (F) and blood (B) of 
the same child. 
Examples of X b d  restriction patterns of 
(e.g. patients 67, 70, 87, 66, 203; Figure 1). Thus, 
translocation was documented in 12 children. In the 
last child the PFGE patterns of the blood and fecal 
isolates were clearly different (Figure 1, patient 79) 
although the strains were of the same species. Con- 
sequently, we judged that translocation was not 
documented in that child. Thus, altogether bacterial 
translocation from the intestinal tract to the blood of a 
member of the family Enterobacteriaceae was docu- 
mented in 63% (12/19) of the children in whom it 
could be properly investigated. 
The urine cultures were positive for a member of 
the family Enterobacteriaceae of the same species 
(Escherichia colg as that found in the blood and feces of 
one of the 12 children with documented bacterial 
translocation, strongly suggesting that, in that child, the 
intestinal tract might not be the only or direct source 
of bacteremia. In one of the seven bacteremic children 
for whom no bacterial translocation was documented 
although a fecal sample was available for analysis, the 
urine culture was positive for a member of the family 
Enterobacteriaceae of the same species (Eschericliia coli) 
as the one in the blood, suggesting that, in that child, 
the urinary tract was the portal of entry of the 
bacteremia. The source of the bacteremia remained 
unknown for the six other children in this group. 
As shown in Table 2, the characteristics of the 12 
children in whom enterobacterial translocation from 
the intestinal tract was documented were not signi- 
ficantly different from those of the seven bacteremic 
children in whom such translocation could not be 
documented. Malnutrition was not significantly more 
pronounced in children whose bacteremia was 
translocation-related than in those in whom it was not. 
0 
Figure 2 Counts for members of the family Enterobacteriaceae 
during bacteremia in the feces of six children without (0) and 12 
children with (0) documented translocation. 
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Table 2 Risk factors for documented translocation in 19 children with Gram-negdtive hacteremia 
Translocation 
Documented Non-documented” 
Characteristics (w  = 12) (n = 7) RR C195%b P 
Age (months) 
(mediadrange) 4.9 (0.9/59.3) 
Sex % male 25.0 
Pneumonia (%) 27.3 
Diarrhea (“3) 75.0 
Edema (%) 25.0 
Members of the family 
Enterobacteriaceae 
isolated from the blood 
(number of patients) 
Escherichia coli 
Klebsiella pneumoniae 
Klebsiella oxytoca 
Enterobacter cloacae 
Citrobacterfreundii 
Hrachial/cranial 
perimeter 
(median (range)) 0.24 (0.21/0.27) 
Z-scores 
(median (range)) 
Height for age -2.73 (- 5.33/ -0.12) 
Weight for age -2.58 (-4.53/- 1.82) 
Weight for height -1.49 (-2.77/-0.15) 
Protein blood levels (g/L) 
(median (range)) 
Albumin 32.9 (25.3/41.2) 
Prealbumin 0.125 (0.070/0.290) 
Transferrin 2.28 (1.55/5.48) 
10 000 (7800/13 500) Leukocytes (mm3) 
(median (range)) 
4.5 (2.0123.3) NA NA NS‘ 
57.1 0.6 0.2-1.4 NS 
14.3 1.3 0.6-2.7 NS 
85.7 0.8 0.4-1.6 NS 
14.3 1.2 0.6-2.5 NS 
0.24 (0.20/0.28) 
-3.1 (-5.08/-1.35) 
-3.04 (-4.09/- 1.85) 
- 1.92 (-2.99/0.56) 
28.4 (20.3133.4) 
0.110 (0.070/0.170) 
2.94 (1.52/4.19) 
11 000 (4600/34 000) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
’In six children the blood and fecal numbers of the family Enterobacteriaceae were of different species. In one they were of the same species 
but their PFGE patterns were different. 
b95% confidence interval. 
‘P > 0.05. 
RR, relative risk; NA, not applicable; NS, not significant, 
Neither was there a significant difference between the 
two groups as regards the fecal counts for members of 
the Enterobacteriaceae (Figure 2). 
DISCUSSION 
Our results demonstrate that members of the family 
Enterobacteriaceae colonizing the intestinal tract were 
the most likely source of enterobacterial bacteremia in 
febrile children 2 years or less with a weightlage ratio 
below normal. This adds a third item to the list of 
clinical settings in which bacterial translocation from 
the intestinal tract can cause bacteremia, the two other 
items being neutropenia in cancer patients [2] and 
hemorrhagic shock [3] .  The present demonstration was 
essentially based on comparison of the PFGE genomic 
patterns of members of the family Enterobacteriaceae 
of the same species, isolated concomitantly from the 
blood and feces of a given patient. Restriction length 
polymorphism analysis and ribotyping have been 
shown by others to be useful techniques for establishing 
relatedness between fecal and blood isolates from an 
infant [18]. PFGE is a powerful method of genomic 
typing [19] which was not used in any of the previously 
published studies on bacterial translocation relating to 
clinical events [2-61. 
The proportion of 63% of the 19 cases of children 
with Gram-negative bacteremia here investigated that 
was caused by translocation of an intestinal member of 
the family Enterobacteriaceae only constituted a mini- 
mal estimate of the true incidence of translocation in 
the population studied. Indeed, we may not have 
documented translocation in some patients in whom it 
actually occurred, e.g. by not picking the right fecal 
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strain for typing in a patient in whoni several members 
of the Enterobacteriaceae indistinguishable by gross 
examination would have coexisted in the fecal sample. 
One finding of interest was that the fecal counts for 
Illembers of the fainily Enterobacteriaceae were not 
significantly higher in children in whom translocation 
was docuinented than in those in whom it was not 
(Figure 2). This is in contrast to what was reported in 
animal models of bacterial translocation, in which 
bacterial overgrowth was a inajor factor promoting 
translocation [ 11. However, we previously observed in 
patients with hematologic malignancies that fecal 
concentrations of members of the family Entero- 
bacteriaceae were not significantly higher in those who 
developed bactereinia following translocation from the 
intestinal tract than in those who developed bacteremia 
but in whom such translocation could not be docu- 
mented (21. 
The results of the present study do not suggest that 
translocation was related to degree of malnutrition. We 
were unable to show any significant difference between 
the severity of clinical or biological nialnutrition in 
children with documented bacterial translocation and 
that in thoce in whom it was not documented. In this 
connection, it has indeed been denionstrated experi- 
mentally that in protein malnutrition the mucocal 
barrier to bacterial translocation reniaiiis intact, even 
when histologic atrophy of the small bowel and caecum 
niucosa is present [ 131. However, as our two groups of 
12 and 7 patients were small, and only suffered from 
mild to moderate malnutrition, we cannot exclude the 
possibility that the incidence of documented trans- 
location would have been greater in niore severely 
malnourished children, as suggested previously [8]. 
Other factors such as concurrent enteral intake, the 
nature of the gut pathogen causing the diarrhea in some 
subjects and immune status might be also confounding 
variables. Only by testing larger series and correcting 
for these variables could definite conclusions be drawn 
about the role of nutritional status. 
In conclusion, we definitely demonstrated that 
trandocation from the intestinal tract was the m o s t  
likely source of Gram-negative bacteremia in children 
hospitalized with fever, even when the degree of 
malnutrition was mild to moderate. This result is an 
incentive to use similar techniques and strategies to 
study the actual role of bacterial translocation in groups 
of patients with more severe symptoms of malnutrition. 
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